Traumatic diaphragmatic hernia (TDH) is a serious, frequently overlooked complication observed secondary to a thoracoabdominal trauma. The treatment of TDH is surgical and diaphragmatic repair, usually performed with a thoracotomy approach. During a thoracotomy, the lung on the operation side is collapsed and single-lung ventilation is employed. This procedure facilitates the work of the surgeon; however, it makes the administration of anesthesia more difficult. Obstructive sleep apnea (OSA) is a disorder characterized by attacks of apnea and hypopnea due to partial or complete obstruction of the upper respiratory tract during sleep. Administration of anesthesia to patients with OSA involves several difficulties with respect to ventilation and intubation, as well as potential respiratory complications during the postoperative period. In this case report, critical issues faced during the administration of anesthesia to a 46-year-old male patient with OSA who was diagnosed with TDH 1 year after a trauma were discussed in the context of the literature.
INTRODUCTION
Traumatic diaphragmatic hernia (TDH) is an easily overlooked complication due to well-known but nonspecific clinical and radiological findings of blunt or penetrating thoracoabdominal trauma affecting the diaphragm. [1] Particularly if there are no other organ injuries in the acute period post trauma, diagnosis may be delayed for months or even years, which increases morbidity and mortality. A thoracotomy approach is preferred in chronic and delayed cases as a result of intrathoracic adhesions that may occur 7 to 10 days after the trauma. [2] During anesthesia management in thoracotomy surgery, single-lung ventilation (SLV) is used. [3] Double-lumen endobronchial tubes are used for intubation, and the patient is laid in the lateral decubitus position with the operation side facing up. The goal in SLV is to apply an appropriate ventilation strategy that does not lead to hypoxemia or hypercapnia.
Obstructive sleep-apnea (OSA) is characterized by recurrent episodes of apnea, a decrease in oxygen saturation, and an increase in daytime sleepiness due to partial or complete obstruction of the upper respiratory tract during sleep at night. [4] Presently described is a case of TDH and OSA, in the context of the literature.
ing, snoring at night, and a fall down 2 flights of stairs 1 year previously. Upon development of dyspnea and pain in his side, he presented at a chest disease polyclinic, where a decrease in right lung sounds was detected. His arterial blood gas (ABG) values in room air were pH: 7.39, PO 2 : 51 mmHg, PCO 2 : 61 mmHg, SpO 2 : 84.8%, and respiratory function test results were forced vital capacity (FVC): 1.83 L (43%), forced expiratory volume-one second (FEV 1 ): 1.49 L (43%), FEV 1 /FVC: 81.4%. Posteroanterior chest X-ray and thoracic tomography revealed a right diaphragmatic hernia and segmental atelectasis of the middle lower lobes of the right lung ( Fig. 1a and b) . The patient was diagnosed as TDH with OSA. An echocardiogram did not disclose any pathology (ejection fraction: 50%). A thoracotomy was planned under SLV to repair the TDH. During the preoperative examination to determine his eligibility for SLV, the following were observed: a short neck, mouth opening: <4 cm, thyromental distance <6 cm, and sternomental distance: <12 cm. His Mallampati score was 4 points, so it was assessed as a case of difficult intubation. The operating room was prepared for difficult intubation. An electrocardiogram was performed, arterial blood pressure (ABP) was measured using noninvasive methods, and peripheral oxygen concentration (SpO 2 ) was monitored with a spirometer (Beneview T8; Mindray Medical International Co., Ltd., Shenzen, China) with the following results: ABP: 130/75 mmHg, heart rate: 60 bpm, oxygen saturation with masked respiration SpO 2 : 96% with 100% FiO 2 . Venous cannulation was performed through the dorsum of the left hand, and an infusion of isotonic 0.9% saline was started at a rate of 20 mL/kg. To induce anesthesia, 2 mµkg -1 fentanyl (Talinat; Vem İlaç Sanayi, Tekirdağ, Turkey), 3 mgkg-1 propofol (Fresenius Kabi, Bad Homburg vor der Höhe, Germany), and 1 mgkg -1 rocuronium (Jecron; Tüm-Ekip İlaç A.Ş., Tuzla, Turkey) were used. A left-sided double-lumen tube (Robertshaw No. 39) was inserted on the second attempt, and mechanical ventilation was initiated (Perseus A500; Draeger Medical GmbH, Lubeck, Germany). The initial ventilator settings were adjusted to volume-controlled mode as follows: tidal volume: 5-6 mL/kg, respiratory rate: 14/minute, positive end-expiratory pressure (PEEP): 5 cmH 2 O, and FiO 2 : 0.3-0.5. A right internal jugular vein catheter (Seldiflex; Prodimed SAS, Neuilly-en-Thelle, France), a left radial artery cannula (B-CAT2; Bıçakcılar Tıbbi Cihazlar A.S., Istanbul, Turkey), and a urethral catheter were inserted. The patient was turned to the left lateral decubitus position. Anesthesia was maintained with O 2 -air 50%+1-2% sevoflurane (Sevorane liquid; Abdi İbrahim Ilaç Sanayi ve Ticaret A.S., İstanbul, Turkey) + remifentanil (Ultiva; GlaxoSmithKline, London, England) (0.1-0.2 µg/kg/min) delivered by intravenous (IV) route. The surgical team entered the thoracic cavity from the anterior aspect of the liver. The stomach and colon were reduced into the intraabdominal cavity, and the diaphragm was repaired. Intraoperative ABG measurements were pH: 7.30-7.35, PCO 2 : 55-70 mmHg, PO 2 : 60-85 mmHg, and SpO 2 : 90-95%. During the 2-hour surgery, his hemodynamic parameters were stable, with 300 mL blood loss and 250 mL urine output. At the end of the operation, positive pressure ventilation with 30 cm H 2 O was applied to expand the collapsed left lung. When skin suturing was initiated, 100 mg tramadol (Abdi İbrahim Ilaç Sanayi ve Ticaret A.S., İstanbul, Turkey), 1 g paracetamol (Parol, Atabay İlaç Fabrikası A.Ş., İstanbul, Turkey) IV, and intramuscular 10 mg diclofenac sodium (Dikloron; Deva Holding, İstanbul, Turkey) were administered for postoperative analgesia. The patient was extubated without difficulty. Postoperatively, O 2 was delivered with a mask at a rate of 2/L/minute with resultant values of pH: 7.31, PCO 2 : 68 mmHg, PO 2 : 87 mmHg, and SpO 2 : 95.4%. The patient was transferred to the intensive care unit for close monitoring. Hypoxia and hypercarbia developed, so intermittent noninvasive continuous positive airway pressure (CPAP) (FiO 2 : 40%, PEEP: 5 cmH 2 O, and PS: 10 cmH 2 O) treatment was applied. The patient's general state of health improved on the second day. Since ABG parameters were within normal limits (pH: 7.40 mmHg, PaCO 2 : 48 mmHg, PO 2 : 98 mmHg, and SpO 2 : 97%), and CPAP was not required, he was transferred to the surgery service.
DISCUSSION
Diagnosis of TDH developing after blunt trauma is frequently delayed, despite sophisticated techniques. If the diaphragmatic defect is small and there is no major organ injury, the diagnosis may be overlooked. However, in subsequent days, problems of intestinal obstruction or respiratory problems may emerge. [5] Shortness of breath is reported to be the most frequently encountered symptom in TDH. Organs herniating through the defect (bowels, liver, or omentum) lead to the emergence of symptoms secondary to pulmonary compression. Since herniated organs prevent pulmonary expansion, atelectasis may develop. [6] Our patient complained of shortness of breath and flank pain 1 year after a trauma, and development of atelectasis was determined in the affected side. Various surgical approaches may be used to treat TDH, such as thoracotomy, laparotomy+thoracotomy, laparotomy, video-assisted thoracic surgery, and laparoscopic surgery. In cases without abdominal injury, generally a thoracotomy is preferred. [2] Regardless of the ventilatory strategy used, there is the risk of hypoxemia in SLV. [7] Though hypoxia in SLV is associated with many factors, the most important cause is an increase in transpulmonary shunt with perfusion of the nonventilated and collapsed lung. As a physiological compensatory mechanism, hypoxic pulmonary vasoconstriction reduces blood flow to the nonventilated lung, and reduces hypoxia and intrapulmonary shunt. [8] In our case, severe hypoxia did not develop during SLV, and no deviation in cardiac or respiratory parameters was encountered.
OSA is the most frequently seen respiratory disorder related to sleeping pattern. As a result of the growing aging population and an increase in obesity, the prevalence of OSA is gradually increasing. It has been suggested that 9% to 24% of the general population is affected by OSA, and every day these patients are anesthetized with 90% of them not having been diagnosed. [9] A group of authors has indicated that most surgical cases with OSA can be diagnosed using routine preoperative screening tests. [10] Diagnosis of our case was established with anamnesis and clinical examination in the chest disease clinic. It is well known that untreated OSA results in increased morbidity and mortality. As a result of underlying comorbidities related to long-term untreated OSA, a predisposition to serious perioperative complications or the ability to cope with these complications may be decreased. Even if OSA is treated, because of the upper respiratory tract pathology and associated obesity, the perioperative risk is greater in these patients when compared with normal individuals. [11, 12] Preoperative evaluation of our patient did not reveal any comorbidity (diabetes, hypertension, heart failure) apart from obesity and OSA.
Another issue that should be taken into consideration during a preoperative examination is the use of sedatives and hypnotic drugs for premedication. In cases of OSA, these drugs depress the central nervous system and the respiratory system, and also increase the tendency for upper respiratory tract obstruction. Great care is recommended in the use of a benzodiazepine as premedication. [13] In our case, we did not use a premedication before the induction of anesthesia due to the presence of OSA and the risk of hypoxia secondary to surgical pathology. Some authors have indicated that since patients with OSA have a tendency for respiratory tract obstruction, muscle relaxants should be antagonized. [14] We used a combination of atropine and neostigmine to antagonize muscle relaxation. After surgery lasting for 2 hours, the patient was extubated without any complication, and he recovered rapidly. Peroperative use of long-acting opioid analgesics (morphine and fentanyl) in patients with OSA has been shown to depress postoperative respiratory reflexes. [15] In this case, we preferred the peroperative use of a shortacting, rapidly eliminated remifentanil infusion with multimodal postoperative analgesia. Due to the frequency of respiratory tract obstruction in patients with OSA, monitoring of respiratory and circulatory functions and longer follow-up of these patients in the recovery room have been recommended. [16] Unexpected cardiac ischemia and death can occur following major surgical interventions in these patients. Intensive care may be required to monitor for postoperative hypoxia, oxygen saturation, and arrhythmias. [17] Use of CPAP aids in opening the respiratory tract, which is collapsed during sleep in patients with OSA. It also improves functional capacity and oxygenation, by decreasing the respiratory workload. [18] In a study by Gupta et al., [19] the authors observed the development of severe postoperative complications in patients who had not received preoperative CPAP treatment. Postoperatively, we transferred our patient to the intensive care unit due to the risk of hypoxia given that he had undergone thoracic surgery, had OSA, and required CPAP and close hemodynamic monitoring.
In conclusion, in cases with OSA that are undergoing SLV for TDH repair, the risks associated with anesthesia increase. Preoperative evaluation of patients with OSA should not be overlooked. During anesthesia with SLV, the patient's hemodynamic state should be closely followed, and ABG parameters should be measured regularly. The development of peroperative hypoxia or hypercarbia should be prevented. We think that in order to avoid the development of postoperative respiratory complications, the patient should be monitored in the intensive care unit.
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